All relevant data are within the manuscript.

Introduction {#sec005}
============

Major depressive disorder (MDD) is one of the most common mental illnesses worldwide affecting an individual's feelings, thoughts and behaviour. It results from an interaction of both genetic and environmental factors. The symptoms of major depressive disorder usually last for two or more constitutive weeks. The symptoms are characterised by having a persistent form of sadness and loss of interest in once pleasurable activities and several other physical and cognitive symptoms such as inability to concentrate, changes in sleep and eating habits, physical inactivity, suicidal thoughts and suicidality \[[@pone.0211241.ref001]\]. Currently, MDD is a major cause to the global burden of disease affecting more than 300 million individuals globally \[[@pone.0211241.ref002]\]. It is the third most disabling disorder worldwide and is expected to be the first by the year 2030 \[[@pone.0211241.ref003]\]. In Malaysia, it is one of the most common reported mental illnesses with about 29% of the Malaysians suffering from depression in the year 2015 \[[@pone.0211241.ref004]\].

A number of studies indicate the involvement of the brain derived neurotrophic factor (BDNF) in the aetiology of the disorder \[[@pone.0211241.ref005]--[@pone.0211241.ref007]\]. BDNF is a neurotrophin that plays a crucial role in neuronal development, differentiation, survival and synaptic plasticity \[[@pone.0211241.ref008]--[@pone.0211241.ref011]\]. One of the most reported and most functional single nucleotide polymorphisms in the *BDNF* gene is rs6265. *BDNF* rs6265 has been extensively studied in patients with MDD, however, the results were controversial, depicting outcome differences in populations and ethnicities among the groups studied \[[@pone.0211241.ref012]--[@pone.0211241.ref016]\]. The Met allele of *BDNF* rs6265 was shown to alter the intracellular trafficking and secretion of the mature BDNF protein as compared to the Val allele \[[@pone.0211241.ref017]--[@pone.0211241.ref019]\]. Additionally, several studies have reported lower plasma BDNF levels in patients with MDD \[[@pone.0211241.ref005],[@pone.0211241.ref020],[@pone.0211241.ref021]\]. Low levels of the BDNF protein was also found in the post-mortem amygdala \[[@pone.0211241.ref022]\], anterior cingulate cortex \[[@pone.0211241.ref023]\], prefrontal cortex \[[@pone.0211241.ref024]\] and hippocampus \[[@pone.0211241.ref024],[@pone.0211241.ref025]\] of depressed patients.

Other SNPs of interest in this study were *BDNF* rs1048218 and rs1048220. Despite the availability of literature associating the two SNPs to Alzheimer's disease \[[@pone.0211241.ref026],[@pone.0211241.ref027]\], the literature regarding the functional and physiological role of these SNPs has been scarce. *BDNF* rs1048220 is situated at an important protease cleavage site and was shown to inhibit the cleavage of pro-BDNF of cultured hippocampal neurons \[[@pone.0211241.ref028]\]. To date, there has been no available study screening for associated risks of *BDNF* rs1048218 and rs1048220 SNPs among patients with MDD. Also, to the best of our knowledge, there is no study on the association of *BDNF* rs6265, rs1048218, rs1048220 and BDNF level with MDD in the Malaysian population. In this study, we screened for *BDNF* rs6265, rs1048218 and rs1048220 in 600 matched Malaysian cases and controls and the effect of the genotypes on the level of the mature BDNF protein in the plasma.

Methodology {#sec006}
===========

Study design {#sec007}
------------

Ethical approval to conduct the study was obtained from the Medical Research and Ethics Committee of National Institutes of Health Malaysia (reference number: NMRR-14-688-19696 (IIR)). Ethical approval to conduct the study was obtained from the Medical Research and Ethics Committee of National Institutes of Health Malaysia (reference number: NMRR-14-688-19696 (IIR)). The approval includes procedures involved in the recruitment of subjects, obtaining written consent, performing semi-assisted questionnaires, samples procurement and usage. All procedures complied with Helsinki's declaration. A total of 400 case and 400 controls matched by age, gender and ethnicity were recruited from four public hospitals within the Klang Valley of Selangor State, Malaysia from the year 2014--2018. All the subjects were adults, mentally competent and were clearly informed about the study procedures and the study outcomes. The study subjects were aware that joining the study was a voluntary decision and were explained about the study both verbally and by providing them with written information; a 9 page consent in the English and the local Malay language regarding the title and purpose of research, research background, study design, eligibility of joining the study, study procedures, subject responsibilities, potential benefits and the possible risks of joining the study, risks of SSRI intake and risk of blood draws, right to ask questions or withdraw from the study and the use of study results and confidentiality. For older subjects, prior to obtaining the consent from the subjects, the study details were explained to them as well as to the person accompanying them. The subjects were free to ask questions regarding the study and were given the freedom to withdraw from the study at any time if they wanted to.

### Definition of cases {#sec008}

The cases were outpatients within the age group of 18--65 diagnosed with major depressive disorder (MDD) by a certified psychiatrist based on the Diagnostic and Statistical Manual of Mental Disorders, Fifth edition (DSMV) and confirmed by the by Mini International Neuropsychiatric Interview (MINI) for MDD. Only cases diagnosed by the psychiatrist as MDD with single episode or recurrence and without psychotic features were recruited in this study. Both new and follow up patients (on medication) were allowed to join the study. Furthermore, only cases with a history of MDD for two years or less prior to screening were recruited in this study. Subjects with risk of committing suicide and with a current DSMV diagnosis of other neuropsychiatric illness such as generalized anxiety disorder, obsessive compulsive disorder, post-traumatic stress, dementia, schizophrenia or other psychotic disorder, bipolar I/II disorder and anxiety disorders were excluded.

### Definition of controls {#sec009}

The controls were adult outpatients attending the orthopaedic, ophthalmology and ear, nose and throat (ENT) clinics of four public hospitals within the Klang Valley of Selangor State. Controls were also recruited from the staff and students of Universiti Putra Malaysia. Controls were unrelated to the cases and were matched for age, gender and ethnicity to the cases in a 1:1 ratio. Only controls with no history of other psychiatric disorders were recruited.

Overview of the study {#sec010}
---------------------

Consented subjects were asked to filled a questionnaire on demographic data (such as age, gender, ethnicity, religion, marital status, citizenship, job status, total household income per month and education level), clinical characteristics (such as the acquisition of any chronic disease, and duration of symptom and the presence of a family history of mental health issues), list of threatening events (a list of 12 yes or no questions on the experience of life threatening events in 6 months prior to the interview), temperament and personality questionnaire (a list of 109 questions on the general feelings of the participants over the years), semiquantitative food frequency questionnaire (participants were asked to fill in the frequency of cereal products, meat products, fish products, sea food, milk, dairy products, vegetables, fruits, drinks and confectioners consumed on a daily basis, for 2--3 times per week, weekly, monthly and annually and were asked to provide the number of servings), supplement intake (a list of yes/ no questions on the consumption of 16 food supplement and 10 vitamin/mineral supplement and the frequency of the consumption), lifestyle questionnaire (on smoking and the duration and alcohol consumption, the type of drinks usually consumed and the frequency), global physical activity questionnaire (on the intensity and duration of the physical activity during working and day to day activities), blood pressure level and anthropometry measurement (weight, height, waist and hip circumference, body fat, BMI and waist hip ratio). For participants who found it difficult to fill out the questionnaire, the process was completed via interview. Only data regarding the demographics, clinical characteristics and life style were used for this study whereas the rest of the information were used for a different study. Subjects were also asked to consent to supply 4ml of venous blood sample. The collected blood was centrifuged at 4,000 rpm for 10 minutes at room temperature to obtain the buffy coat and plasma. All the samples were then stored at -20°C for future use.

### DNA extraction and DNA integrity {#sec011}

The genomic DNA was extracted from the buffy coat of anti-coagulated blood samples using QIAamp DNA Mini Kit (QIAGEN) following the manufacturer's protocol. The quality of the DNA was determined using NanoVue Plus UV spectrophotometer (GE Healthcare). Only samples with A260/A280 absorbance of 1.7--1.9 were used and regarded as high-quality samples. The extracted DNA were electrophoresed using 1% (w/v) agarose gel for 40 minutes at 100V. The bands were viewed using G:BOX BioImaging System (Syngene). All the extracted DNA were stored at -20°C until further use.

### Screening of the SNPs {#sec012}

Primers for the screening of *BDNF* rs6265, rs1048218, rs1048220 were designed using Primer3Plus ([Table 1](#pone.0211241.t001){ref-type="table"}) \[[@pone.0211241.ref029]\]. High resolution melting was carried out using LightCycler 480 (Roche, Switzerland) in a volume of 10μl consisting of 1X LightCycler 480 High Resolution Melting Master (Roche, Switzerland), 15ng of genomic DNA and 0.35μmol forward and reverse primers, 2mM MgCl~2~ and PCR-grade water. The conditions for the thermal cycling were as follows: initial denaturation at 95°C for 10 min followed by 45 cycles of amplification at 95°C for 10s and annealing at 60°C for 15s and a final extension at 72°C for 10s. Subsequently, amplicons were subjected to HRM analysis followed by melting analysis in the same machine using a temperature range of 65°C to 95°C with 25 acquisitions per every 1°C increment. To obtain the best discrimination, samples with different melting profiles denoting the different genotypes were randomly selected from the first run and were validated by sequencing and were included in each run to serve as references. The HRM data were analysed using the Light Cycler release 1.5.1.62SP3 software. The normalized melting curves and the temperature shifted differential plots were obtained from the gene scanning module of the software to determine genotype for each sample based on the profiles of samples validated by sequencing.

10.1371/journal.pone.0211241.t001

###### The criteria of the designed primers for high resolution melting assays.

![](pone.0211241.t001){#pone.0211241.t001g}

  *BDNF* variant                                Forward (F) / Reverse (R) primer (5'→3') / Tm (°C)   Amplicon size (bp)   GC Content (%)
  --------------------------------------------- ---------------------------------------------------- -------------------- ----------------
  rs6265[\*](#t001fn001){ref-type="table-fn"}   F: `CTTGACATCATTGGCTGACACT` (60)                     146                  45
  R:`GCTCCAAAGGCACTTGACTACT` (60)               50                                                                        
  rs1048220                                     F: `CCTTTGGAGCCTCCTCTTCT` (56.4)                     150                  55
  R: `CGCCGTTACCCACTCACTAA` (56.9)              55                                                                        
  rs1048218                                     F: `GCTTGACATCATTGGCTGAC` (57.4)                     157                  50
  R:`AGAAGAGGAGGCTCCAAAGG` (58.4)               55                                                                        

\*The parameters were based on Faris et al., 2018 \[[@pone.0211241.ref029]\].

### Sequencing {#sec013}

HRM products for approximately 10% of the samples were purified using High Pure PCR purification kit, (Roche, Switzerland) following the manufacturer's instructions. Purified products with high purity (absorbance 260/280 of 1.6--2.0) and integrity (single clear band by agarose gel analysis) were sent for Sanger sequencing using services provided by First BASE Laboratories Sdn Bhd, Malaysia. The assembly of the sequences and the generation of the contigs was performed by using SNAPGENE software (GSL Biotech; available at [snapgene.com](http://www.snapgene.com)). Phred score of \>20 was used as a cut-off for good quality sequences.

### Measurement of BDNF level using ELISA {#sec014}

Sandwich enzyme linked immunosorbent assay was carried out to measure the level of the BDNF protein in the plasma of 206 matched MDD cases and 206 controls. The ELISA was carried out using BDNF Emax ImmunoAssay kit (Promega, United States) following the manufacturer's protocol without the acid treatment step on plasma samples. Firstly, the 96 well plate (Nunc MaxiSorp, USA) was coated with 100 μL anti-BDNF monoclonal antibody by overnight incubation at 4°C without shaking. To prevent the unspecific binding, plasma samples (1:16 dilution) and the standards (1:2000 dilutions) were added to the 96-well plate (100 μl each) and incubated at room temperature for 2 hours on shaker. The samples were then incubated with anti-human BDNF polyclonal antibody for 2 hours at room temperature on shaker. The plate was then incubated with anti-IgY HRP at room temperature for 1 hour. 3,3',5,5'-tetramethylbenzidine was then added and incubated for 10 minutes to start the colour reaction. The reaction was terminated by the addition of 1N hydrochloric acid and the absorbance at 450 nm was measured instantly using the microplate reader (VersaMax Microplate Reader). The readings were calculated from the extrapolated equation of the standard curve.

### Statistical analysis {#sec015}

Chi-square test was performed using SPSS to determine if there is any significant difference of genotype or allele frequencies among the cases and controls and to test for the significance in the distribution of genotypes among the varying ages, genders and ethnicities of the cases and controls. Following that, the distribution of the genotype frequencies among the cases and controls was determined using SNPStats. Chi-square was also used to measure the deviation of the genotypes from Hardy-Weinberg equilibrium (HWE). SNPStats was used to analyse the following inheritance models: the codominant model, dominant model, recessive model and the overdominant model. Multivariable logistic regression using SPSS was used to study the association of genotype to MDD and determine adjusted odds ratio and 95% CI, adjusting for age, gender, ethnicity, religion, job, income, education level, alcohol consumption, family history of neuropsychiatric disorders, depression, anxiety, schizophrenia, stroke, chronic disease, heart disease, diabetes, hypertension, arthritis, cancer and asthma. Benjamini-Hochberg method for adjustment of false discovery rate (FDR) for haplotype analysis was performed using web-based tool (<https://www.sdmproject.com/utilities/?show=FDR>). The data obtained from ELISA were analysed using GraphPad prism. The comparison between the cases and controls was performed using Wilcoxon signed rank test for non-parametric data. Kruskal--Wallis test was used to measure the significance among the three genotypes for a non-normally distributed result. Significance was set at *p*\<0.05.

Results {#sec016}
=======

Out of the 800 subjects approached for this study, only 300 cases and 300 matched controls met the criteria to join the study. The remaining subjects were rejected as they were diagnosed with anxiety or other neuropsychiatric disorders, refused to consent for blood withdrawal and/or were uncontactable after initial agreement to participate in the study. The socio-demographic information for all the participants included in the study are listed in [Table 2](#pone.0211241.t002){ref-type="table"}.

10.1371/journal.pone.0211241.t002

###### The sociodemographic data for the cases and controls.

![](pone.0211241.t002){#pone.0211241.t002g}

  Parameters                                        Categories          Cases         Controls
  ------------------------------------------------- ------------------- ------------- ------------
  **Age group (years)**                             18--25              52 (17.3%)    55 (18.3%)
  26--35                                            76 (25.3%)          89 (29.7%)    
  36--45                                            83 (27.7%)          62 (20.7%)    
  46--55                                            48 (16%)            55 (18.3%)    
  56--65                                            41(13.7%)           39 (13%)      
  **Gender**                                        Male                97 (32.3%)    97 (32.3%)
  Female                                            203(67.7%)          203 (67.7%)   
  **Race**                                          Chinese             90 (30.0%)    90 (30.0%)
  Indian                                            58 (19.3%)          58 (19.3%)    
  Malay                                             149(49.7%)          149(49.7%)    
  Others                                            3 (1%)              3 (1%)        
  **Religion**                                      Buddhist            66 (22.0%)    68 (22.7%)
  Christian                                         26 (8.7%)           26 (8.7%)     
  Hindu                                             46 (15.3%)          46 (15.3%)    
  Muslim                                            156 (52.0%)         152 (50.7%)   
  Others                                            6 (2.0%)            8 (2.7%)      
  **Marital status**                                Married             141 (47%)     171 (57%)
  Divorced                                          20 (6.7%)           7 (2.3%)      
  Single                                            118 (39.3%)         112 (37.3%)   
  Widowed                                           16 (5.3%)           10 (3.3%)     
  Others                                            5 (1.7%)            0 (%)         
  **Job status**                                    Student             41 (13.7%)    64 (21.3%)
  Semi-government                                   4 (1.3%)            18 (6.0%)     
  Government                                        43 (14.3%)          103 (34.3%)   
  Private                                           85 (28.3%)          66(22.0%)     
  Retired                                           29 (9.7%)           23 (7.7%)     
  Others                                            98 (32.7%)          26 (8.7%)     
  **Income level (RM)**                             \<1000              87 (29%)      28 (9.3%)
  1001--2000                                        65(21.7%)           57 (19.0%)    
  2001--3000                                        64 (21.3%)          74 (24.7%)    
  3001--4000                                        25 (8.4%)           51(17.0%)     
  \>4000                                            59 (19.7%)          90 (30.0%)    
  **Education level**                               Primary/secondary   147 (49.0%)   89 (29.7%)
  Diploma                                           45(15.0%)           82 (27.3%)    
  Degree/postgraduate                               83 (27.7%)          102 (34.0%)   
  Certificate                                       25 (8.3%)           27 (9.0%)     
  **Alcohol consumption**                           Yes                 58 (19.3%)    73 (24.3%)
  No                                                242 (80.7%)         227 (75.7%)   
  **Smoking status**                                Yes                 36 (12.0%)    60 (20.0%)
  No                                                251(83.7%)          221 (73.7%)   
  Given up                                          13 (4.3%)           19 (6.3%)     
  **Family history of neuropsychiatric disorder**   Yes                 83 (27.7%)    14 (4.7%)
  No                                                217 (72.3%)         286 (95.3%)   
  **Family history of depression**                  Yes                 59 (19.7%)    4 (1.3%)
  No                                                241 (80.3%)         296 (98.7%)   
  **Family history of anxiety**                     Yes                 10 (3.3%)     1 (0.3%)
  No                                                290 (96.7%)         299 (99.7%)   
  **Family history of schizophrenia**               Yes                 14 (4.7%)     5 (1.7%)
  No                                                286 (95.3%)         295 (98.3%)   
  **History of stroke**                             Yes                 2 (.7%)       1 (0.3%)
  No                                                298 (99.3%)         299 (99.7%)   
  **History of chronic disease**                    Yes                 106 (35.3%)   94 (31.3%)
  No                                                194 (64.7%)         206 (68.7%)   
  **History of heart disease**                      Yes                 7 (2.3%)      3 (1%)
  No                                                293 (97.7%)         297 (99%)     
  **History of diabetes**                           Yes                 28 (9.3%)     23 (7.7%)
  No                                                272 (90.7%)         277 (92.3%)   
  **History of hypertension**                       Yes                 48 (16.0%)    37 (12.3%)
  No                                                252 (84%)           263 (87.7%)   
  **History of arthritis**                          Yes                 8 (2.7%)      7 (2.3%)
  No                                                292 (97.3%)         293 (97.7%)   
  **History of cancer**                             Yes                 0 (0%)        4 (1.3%)
  No                                                300 (100%)          296 (98.7%)   
  **History of asthma**                             Yes                 24 (8%)       20 (6.7%)
  No                                                276 (92%)           280 (93.3%)   

27.7% of the cases in this study were within the age group of 36--45 and were females (67.7%). Cases with the Malay ethnicity made up most of the cases (49.7%) as compared to the other ethnicities studied. Most of the cases were married (47%), with primary education (49%) and with low income level (\<RM1000; 29%). Majority cases had no history of neuropsychiatric disorders and no history of chronic disorders.

Majority of the cases recruited in the study were patients attending their follow-up examination at the psychiatric clinic. Therefore, 92.5% of the cases were already on selective serotonin reuptake inhibitor (SSRI) medication ([Table 3](#pone.0211241.t003){ref-type="table"}). Most of them were given fluovoxamine (48%) whereas nearly equal number of cases were prescribed sertraline (21%) or escitalopram (21%). Only a small proportion of the cases were under fluoxetine (2%) medication. A total of 17 new cases (6%) were not on any medications at the time of sample collection. Unknown medication status was recorded on 5 cases in the study.

10.1371/journal.pone.0211241.t003

###### Prescribed medications at the time of sample collection.

![](pone.0211241.t003){#pone.0211241.t003g}

  SSRI[\*](#t003fn001){ref-type="table-fn"}   Number of cases   \%
  ------------------------------------------- ----------------- ------
  Fluovoxamine                                143               47.7
  Sertraline                                  64                21.3
  Escitalopram                                62                20.7
  Fluoxetine                                  7                 2.3
  Others                                      2                 0.7
  No medications                              17                5.7
  Unknown                                     5                 1.7
  Total                                       300               100

\* Selective serotonin reuptake inhibitors

Genotyping and validation of *BDNF* SNPs {#sec017}
----------------------------------------

A total of 300 cases with MDD and 300 matched healthy controls were screened for *BDNF* rs6265 using HRM. Three distinct peaks were obtained for *BDNF* rs6265 indicating the three genotypes (wild type, heterozygous, recessive). The distinction of the three genotypes was based on differences in the melting temperature and the shape of the melting curve. The wild type and the mutant genotypes were discriminated by changes in the melting temperature, whereas the discrimination of heterozygous genotypes was displayed by a change in the shape of the melting curve ([Fig 1A and 1B](#pone.0211241.g001){ref-type="fig"}).

![High-resolution melting analysis.\
A representative result of the normalized melting curves for (A) each genotype G/G, A/A and G/A *BDNF* rs6265 (C) *BDNF* rs1048218 and (E) *BDNF* rs1048220 and temperature shifted difference plot for (B) the three genotypes G/G, A/A and G/A of *BDNF* rs6265 (D) *BDNF* rs1048218 and (F) *BDNF* rs1048220. (G) Representative results for the G/G, G/A, and A/A genotypes obtained from the sequencing of *BDNF* rs6265. A representative result for the monomorphic genotype obtained from the sequencing of (H) *BDNF* rs1048218 and (I) *BDNF* rs1048220.](pone.0211241.g001){#pone.0211241.g001}

The HRM result showed that 73 cases had wild type genotype (G/G), 100 cases had the mutant variant (A/A), and 127 cases had the heterozygous genotype (G/A). On the other hand, of the screened controls, 97 were genotyped as G/G, 68 were genotyped as A/A and 135 were genotyped as G/A. In contrast, *BDNF* rs1048218 ([Fig 1C and 1D](#pone.0211241.g001){ref-type="fig"}) and *BDNF* rs1048220 ([Fig 1E and 1F](#pone.0211241.g001){ref-type="fig"}) displayed a monomorphic genotype throughout the screening of 245 cases and 245 controls and both variants were excluded from further analysis.

Out of the 600 screened subjects, a total of 17 G/G (10%), 26 G/A (10%) and 17 A/A (10%) samples were sent for sequencing. The sequencing results were 100% matched with the HRM screening confirming the specificity of the assay ([Fig 1G](#pone.0211241.g001){ref-type="fig"}). On the other hand, the sequencing electropherogram of 30 (12%) samples for *BDNF* rs1048218 and 30 (12%) samples for *BDNF* rs1048220 showed a monomorphic nature, which were 100% concurring with the HRM analysis ([Fig 1H and 1I](#pone.0211241.g001){ref-type="fig"}).

Upon stratifying the genotypes among the different genders of the cases and controls, a significant difference was obtained among the distribution of genotypes in the female cases as compared to the controls (*p* = 0.007). However, no significant difference was obtained among the male case and control subjects ([Table 4](#pone.0211241.t004){ref-type="table"}).

10.1371/journal.pone.0211241.t004

###### The stratification of genotypes among male and female case and control subjects.

![](pone.0211241.t004){#pone.0211241.t004g}

  Gender       Case[\*](#t004fn001){ref-type="table-fn"}   Control[\*](#t004fn001){ref-type="table-fn"}   *p* value                                       
  ------------ ------------------------------------------- ---------------------------------------------- ----------- ----------- ----------- ----------- -------
  **Male**     26 (26.8)                                   29 (29.9)                                      42 (43.3)   35 (36.1)   25 (25.8)   37 (38.1)   0.379
  **Female**   47 (23.2)                                   71 (35)                                        85 (41.9)   62 (30.5)   43 (21.2)   98 (48.3)   0.007

\* Values in parenthesis are percentages

Additionally, when stratifying the genotypes among the different Malaysian ethnicities of the cases and controls, a significant difference was obtained for the Chinese (*p* = 0.001) and Indian ethnicities (*p* = 0.002) but not for the Malay ethnicity ([Table 5](#pone.0211241.t005){ref-type="table"}). Other rare ethnicities were excluded from the analysis.

10.1371/journal.pone.0211241.t005

###### The stratification of genotypes among the ethnicities of the cases and controls.

![](pone.0211241.t005){#pone.0211241.t005g}

  Ethnicity     Case[\*](#t005fn001){ref-type="table-fn"}   Control[\*](#t005fn001){ref-type="table-fn"}   *p* value                                       
  ------------- ------------------------------------------- ---------------------------------------------- ----------- ----------- ----------- ----------- -------
  **Malay**     35 (23.8)                                   35 (23.8)                                      77 (52.4)   48 (32.4)   41 (27.7)   59 (39.9)   0.087
  **Chinese**   14 (15.6)                                   42 (26.7)                                      34 (37.8)   26 (28.9)   19 (21.1)   45 (50.0)   0.001
  **Indian**    23 (39)                                     21 (35.6)                                      15 (25.4)   20 (34.5)   7 (12.1)    31 (53.4)   0.002

\* Values in parenthesis are percentages

The allele and genotype distribution among the cases and controls {#sec018}
-----------------------------------------------------------------

Using Chi-square, a significant difference of the frequency of the alleles and genotypes was observed among the cases and controls (*p* = 0.008). From the observed HRM genotypes, the allele and genotype frequencies were obtained. Majority of the cases had the mutant allele A (55%) whereas the rest (46%) had the allele G. On the other hand, for the controls, majority demonstrated the wild type allele G (55%) as compared to the mutant allele A that was only observed by 45% of the participants. From the 300 screened cases, 24% had the wild type genotype (G/G), 42% had the heterozygous genotype (G/A) and 33% had the mutant genotype (A/A). On the other hand, for the 300 screened controls, 32% had the wild type genotype, 45% had the heterozygous genotype whereas the remaining 23% had the mutant genotype. [Table 6](#pone.0211241.t006){ref-type="table"} summarizes the allele and genotype frequencies among the cases and controls. The distribution of the genotypes for the cases was in Hardy-Weinberg disequilibrium (*p*\<0.05) whereby the distribution of the genotypes for the controls was in Hardy-Weinberg equilibrium (*p*\>0.05).

10.1371/journal.pone.0211241.t006

###### The summary of the distribution of the alleles and genotypes among the cases and controls.

![](pone.0211241.t006){#pone.0211241.t006g}

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Group          Allele frequency[\*](#t006fn001){ref-type="table-fn"}   Genotype frequency[\*](#t006fn001){ref-type="table-fn"}   Hardy-Weinberg equilibrium\                         
                                                                                                                                   (*p*-value)                                         
  -------------- ------------------------------------------------------- --------------------------------------------------------- ----------------------------- ---------- ---------- -------
  **Cases**      273 (46)                                                327 (55)                                                  73 (24)                       127 (42)   100 (33)   0.011

  **Controls**   329 (55)                                                271 (45)                                                  97 (32)                       135 (45)   68 (23)    0.130
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* Values in parenthesis are percentages.

The association of the variant to the development of MDD {#sec019}
--------------------------------------------------------

The association of the rs6265 SNP to the risk of MDD development was tested by performing logistic regression analysis. An association was considered significant based on the *p*-value and the odds ratio of the different inheritance models. In the present study, the significance value was obtained for the codominant, dominant, and recessive model (*p*\<0.05) with the odds ratio of 1.95 (95% CI 1.27--3.01), 1.49 (95%CI 1.04--2.13), and 1.71 (95% CI 1.19--2.45), respectively. The selection of the best inheritance model was made by considering the lowest Akaike's Information Criterion (AIC) value, which indicates a minimum discrepancy among the probability distribution and the true distribution. Based on the AIC value, the recessive model was the best inheritance model of *BDNF* rs6265 (*p* = 0.0035) ([Table 7](#pone.0211241.t007){ref-type="table"}), indicating that two copies of the mutant allele are required to elevate the risk of developing MDD by 1.71 fold.

10.1371/journal.pone.0211241.t007

###### The association of BDNF rs6265 to MDD (n = 599) with crude odds ratio of the different inheritance models.

![](pone.0211241.t007){#pone.0211241.t007g}

  Model              Genotype      Case          Control             OR (95%CI)   *p* value   AIC
  ------------------ ------------- ------------- ------------------- ------------ ----------- -------
  **Codominant**     G/G           73 (24.3%)    97 (32.3%)          1.00         0.0075      828
  G/A                127 (42.3%)   135 (45%)     1.25 (0.85--1.84)                            
  A/A                100 (33.3%)   68 (22.7%)    1.95 (1.27--3.01)                            
  **Dominant**       G/G           73 (24.3%)    97(32.3%)           1.00         0.03        831
  G/A-A/A            227 (75.7%)   203 (67.7%)   1.49 (1.04--2.13)                            
  **Recessive**      G/G-G/A       200 (66.7%)   232 (77.3%)         1.00         0.0035      827.3
  A/A                100 (33.3%)   68 (22.7%)    1.71 (1.19--2.45)                            
  **Overdominant**   G/G-A/A       173 (57.7%)   165 (55%)           1.00         0.51        835.3
  G/A                127(42.3%)    135 (45%)     0.90 (0.65--1.24)                            

Due to the multifactorial nature of major depressive disorder, multivariable conditional logistic regression was conducted to estimate adjusted odds ratios of potential predictors of MDD, adjusting for potential confounders of age, gender, ethnicity, religion, job, income, education level, alcohol consumption, family history of neuropsychiatric disorders, depression, anxiety, schizophrenia, stroke, chronic disease, heart disease, diabetes, hypertension, arthritis, cancer and asthma. [Table 8](#pone.0211241.t008){ref-type="table"} lists the result for the conditional logistic regression of the association of the rs6265 SNP to the risk of MDD development following adjustment for all the above co-variates. Significance was obtained for the codominant, dominant, and recessive model (*p*\<0.05) with the odds ratio of 2.49 (95% CI 1.33--4.65), 1.82 (95% CI 1.00--3.32), and 2.05 (95%CI 1.48--3.65), respectively. Upon the adjustment, the recessive model was the best model of inheritance of *BDNF* rs6265 indicating that having two copies of the recessive allele increase the risk of developing MDD by 2.05 folds when compared to the general population (*p = 0*.*015)*.

10.1371/journal.pone.0211241.t008

###### The association of BDNF rs6265 to MDD (n = 598) upon the adjustment of odds ratio.

![](pone.0211241.t008){#pone.0211241.t008g}

  Model              Genotype      Case          Control             OR (95%CI)   *p* value   AIC
  ------------------ ------------- ------------- ------------------- ------------ ----------- -------
  **Codominant**     G/G           73 (24.4%)    97 (32.3%)          1.00                     732.5
  G/A                126 (42.1%)   135 (45%)     1.34(0.76--2.35)    0.31                     
  A/A                100 (33.4%)   68 (22.7%)    2.49 (1.33--4.65)   0.004                    
  **Dominant**       G/G           73 (24.4%)    97 (32.3%)          1.00                     734.9
  G/A-A/A            226 (75.6%)   203 (67.7%)   1.82 (1.00--3.32)   0.05                     
  **Recessive**      G/G-G/A       199 (66.6%)   232 (77.3%)         1.00                     732.2
  A/A                100 (33.4%)   68 (22.7%)    2.05 (1.48--3.65)   0.015                    
  **Overdominant**   G/G-A/A       173 (57.9%)   165 (55%)           1.00                     740.4
  G/A                126 (42.1%)   135 (45%)     0.86 (0.51--1.45)   0.57                     

Measurement of BDNF level using ELISA {#sec020}
-------------------------------------

A total of 206 pairs of matched cases and controls were randomly selected for the Enzyme-linked immunosorbent assay analysis. The mean plasma BDNF level of the controls (7287±342.1 pg/ml) was significantly (*p*\<0.0001) higher than the cases (5168±339.9 pg/ml) ([Fig 2A](#pone.0211241.g002){ref-type="fig"}). Also, a significant difference was obtained when comparing each of the individual genotypes of the controls against the genotypes of the cases using Wilcoxon signed rank test. A significant difference among the wild type of controls vs the wild type of the cases (*p* = 0.0002) with a mean plasma BDNF level of 7908±606.7 pg/ml vs 5652±681.9 pg/ml ([Fig 2B](#pone.0211241.g002){ref-type="fig"}). A similar pattern was also observed when comparing the BDNF level in the heterozygous genotypes of the controls against the cases (6947±555.4 pg/ml vs 5378±650 pg/ml, *p*\<0.0001) ([Fig 2C](#pone.0211241.g002){ref-type="fig"}) and the BDNF level of mutants (6825±566.8 pg/ml vs 4582± 414.6 pg/ml, *p*\<0.0001) ([Fig 2D](#pone.0211241.g002){ref-type="fig"}).

![Measurement of plasma BDNF level.\
(A) The plasma BDNF level between the overall controls and cases (B) among subjects with wild type G/G, (C) heterozygous G/A and (D) homozygous A/A genotypes. The plasma BDNF level according to the different genotypes among (E) controls or (F) cases. (G) The plasma BDNF levels among the three genotypes regardless of subject groups (cases and controls). Results are represented as mean±SEM.](pone.0211241.g002){#pone.0211241.g002}

Following the difference in the BDNF level, the effect of the three genotypes on cases and controls was measured separately using Kruskal-Wallis test. There was no significant difference among the genotypes of the controls (G/G: 7908±606.7 pg/ml vs G/A: 6947±555.4 pg/ml vs A/A:6825±566.8 pg/ml, *p* = 0.5827) ([Fig 2E](#pone.0211241.g002){ref-type="fig"}) and among the genotypes of the cases (G/G: 5652±681.9 pg/ml vs G/A: 5378±650 pg/ml vs A/A: 4582±414.6 pg/ml, *p* = 0.5146) ([Fig 2F](#pone.0211241.g002){ref-type="fig"}). Finally, the effect of genotypes on the reduction of the BDNF level was studied regardless of the status (control vs cases) using Kruskal-Wallis test for nonparametric data and there was no significant difference between the three genotypes and the BDNF level (G/G: 6992±462.9 pg/ml vs G/A: 6236±439.7 pg/ml vs A/A: 5472±349.5 pg/ml; *p* = 0.0743) ([Fig 2G](#pone.0211241.g002){ref-type="fig"}). The mean BDNF levels, however, were consistently lower in subjects with heterozygous or mutant genotypes.

Discussion {#sec021}
==========

The brain derived neurotrophic factor is one of the most abundant neurotrophins in the mammalian brain and is involved in the function, development and survival of neurons \[[@pone.0211241.ref030]\]. The role of a single nucleotide polymorphism in the coding region of *BDNF* gene, *BDNF* rs6265 has been investigated in several neuropsychiatric disorders including major depressive disorder \[[@pone.0211241.ref016],[@pone.0211241.ref031]--[@pone.0211241.ref034]\]. To date, there has been no study associating the *BDNF* rs6265 to MDD in the Malaysian population. In this study, we found that having the mutant variant increases the risk of MDD by approximately 2.05 (95%CI 1.48--3.65; *p* = 0.015) as compared to the wild type allele. Findings from our study agrees with the study by Ribeiro et al., (2007) \[[@pone.0211241.ref016]\] on the Caucasian population whereby they found a significant difference of the alleles between cases and controls (*p* = 0.005). The same study demonstrated that subjects with the mutant genotype had an odds ratio of 1.7 (95% CI 1.17--2.47) of developing MDD as compared to subjects of other genotypes. Similarly, Schumacher et al., (2005) studied two SNPs (rs988748 and rs6265) and a dinucleotide repeat (GT)~*n*~ of *BDNF* and found no association between the individual SNPs and depression \[[@pone.0211241.ref012]\]. However, an association was obtained at the haplotype level of both the SNPs and the dinucleotide repeat (*p* = 0.0057).

Coming closer to the Malaysian population, studies on elderly Taiwanese population showed that the distribution of A allele was higher in the cases as compared to controls (*p* = 0.001). Also, the study obtained an odds ratio of 2.49 (95% CI 1.40--4.46) indicating a 2.49fold increased risk of those bearing the mutant A/A genotype to develop MDD as compared to subjects with the G/G and G/A genotype \[[@pone.0211241.ref015]\]. Findings by Iga and colleagues (2007) on the Japanese population, found no effect of the variant on the MDD development but they found a significant association of the variant to clinical features of MDD such as suicide (*p* = 0.021) and psychosis (*p*\<0.001) \[[@pone.0211241.ref014]\].

On the other hand, our result contradicts the findings from other case control studies on the Korean, Chinese, and Belgian populations that did not establish a significant association between the variant and MDD \[[@pone.0211241.ref013],[@pone.0211241.ref032],[@pone.0211241.ref035]\]. Likewise, no association has been obtained between the Val66Met polymorphism and MDD in a retrospective study on 7,389 Britain study subjects participating in the European Prospective Investigation into Cancer and Nutrition in Norfolk \[[@pone.0211241.ref036]\]. The reason for not obtaining significance in the above studies may be due to the small sample size used by some of these studies, difference in the age groups among cases and controls and usage of self-assessment methods that does not fully characterize the MDD phenotype.

In our study, the distribution of the alleles and genotypes for the controls was in Hardy-Weinberg equilibrium indicating that the allele and genotype frequency might remain constant if the conditions of Hardy-Weinberg Equilibrium were met. However, it was in Hardy-Weinberg disequilibrium for the cases. This may be because our cases were not randomly selected but were selected according to the disease. The obtained Val allele frequency concurs with the allele frequency of the Chinese (48.8%) \[[@pone.0211241.ref013]\], Japanese (55.8%) \[[@pone.0211241.ref014]\], Korean (45.8%) \[[@pone.0211241.ref032]\], and Taiwanese population (46.8%) \[[@pone.0211241.ref015]\] but was lower than the frequency observed in the Belgian population (82%) \[[@pone.0211241.ref035]\] and American Mexican population (89%) \[[@pone.0211241.ref016]\]. The Met allele frequency was also in agreement with the Asian population; Japanese (44.2%), Chinese (51.2%), Korean (54.2%) and Taiwanese (53.2%) but was higher than the Belgian (18%) and American Mexicans (11%). It is interesting to note that although some of the controls had the mutant genotype, yet, they did not suffer from MDD. MDD is a multifactorial disorder and the genetics is only one of the factors exerting the additive effect leading to the disorder \[[@pone.0211241.ref037]\]. In addition, those controls might have developed MDD at later life and could have been detected in a cohort study.

In this study, two other polymorphisms, namely, *BDNF* rs1048218 and rs1048220, were also screened. However, both polymorphisms were monomorphic throughout the initial screening involving 245 matched case-control subjects, thus were not analysed further. The observed monomorphic nature of the SNPs might be because the SNPs are rare and require a larger sample size to observe the effect. Also, these SNPs might be ethnic-specific as an association between the rs1048218 allele and early onset Alzheimer's disorder was reported among Italian subjects (*P* = 0.047) \[[@pone.0211241.ref026]\].

Reduction in the BDNF level among MDD patients has been reported in a number of studies. The first study on the reduction of BDNF level in 30 MDD cases as compared to 30 controls was performed by Karege and colleagues (2002) \[[@pone.0211241.ref005]\]. They found a lower BDNF level (\~15% reduction) in the serum of MDD cases as compared to controls (22.6±3 ng/ml and 26.5±7 ng/ml, *p*\<0.01). Subsequently, several studies measuring the BDNF level in the plasma and serum of MDD patients reported similar findings \[[@pone.0211241.ref024],[@pone.0211241.ref038]--[@pone.0211241.ref040]\]. Also, a meta-analysis study involving the findings from 10 case-control studies and 13 clinical trial studies, assessing 1,504 subjects reported a reduction in the plasma and serum BDNF level of MDD patients as compared to controls \[[@pone.0211241.ref041]\]. In addition, this study demonstrated an elevation in the BDNF levels among subjects following a treatment with antidepressants as compared to pre-treatment levels.

In the present study, the plasma BDNF was measured to reflect the level of BDNF in the brain. Previous studies have reported that BDNF can cross the blood brain barrier (BBB) \[[@pone.0211241.ref042]\] and a similar pattern has been observed in the plasma and brain BDNF levels upon maturation and aging in rats \[[@pone.0211241.ref005]\]. In addition, a study by Klein et al., 2011 \[[@pone.0211241.ref043]\], the levels of BDNF in the plasma, serum, blood and brain tissue of rat, mouse and pig were examined using ELISA. Findings from the study revealed a positive significant correlation between the BDNF levels of the whole blood and hippocampus (r^2^ = 0.44, *p* = 0.025) and between the BDNF levels in the plasma and hippocampus in pigs (r^2^ = 0.41, *p* = 0.025). These findings suggest that the level of BDNF in the plasma may reflect the level in the brain and thus may be used as an indicator for the severity of MDD. The result from ELISA of the current study displayed a significant difference between the BDNF level in the plasma of the controls as compared to the cases (control: 7287±4910 pg/ml vs cases: 5168 ±4879 pg/ml; *p*\<0.0001). This is supported by the findings from other studies that also displayed higher BDNF level among the controls as compared to cases \[[@pone.0211241.ref024],[@pone.0211241.ref039],[@pone.0211241.ref040],[@pone.0211241.ref044]\].

In this study, there was no significant difference in the BDNF level among the 3 genotypes of the cases (*p* = 0.5146) and the 3 genotypes of the controls (*p* = 0.5827). Also, no significant difference was observed among all the genotypes (Wild type G/G, Heterozygous G/A, Recessive A/A) regardless of the status (cases and controls) (*p* = 0.0743). Despite the lack of a significant difference, a higher BDNF level was observed among the wild type G/G carriers followed by the heterozygous G/A carriers with the least level observed among the mutant A/A carriers. On the other hand, a study by Colle and colleagues (2017) measured the BDNF level in 328 adult Caucasian MDD patients and found a significant difference in the plasma BDNF level among the genotypes (G/G: 1525.9±1183.3 pg/ml vs G/A: 1248.7±1081.8 pg/ml vs A/A: 1004.9±952.8 pg/ml, *p* = 0.04) \[[@pone.0211241.ref045]\].

There are several postulations to the above findings; firstly, the ELISA kit used in this study was not sensitive to mature BDNF alone but, it also detected pro-BDNF \[[@pone.0211241.ref046]--[@pone.0211241.ref047]\]. The effect of the *BDNF* variant on the level of mature BDNF (the functional form of the factor) was not determined and therefore may have been construed by the presence of pro-BDNF. Secondly, the reduction in the BDNF level in the cases as compared to the controls was not solely affected by rs6265 polymorphism but also influenced by other SNPs not screened in the study. Jin and colleagues conducted a study on Chinese population to determine the association of genetic variants of *BDNF* (rs10767664, rs1041635, rs962369, rs12273539, rs11030121 and rs4923468) to the moderate and severe allergic rhinitis. The study revealed a perfect linkage between *BDNF* rs10767664 and *BDNF* rs6265 and subjects with the rs10767664 A/A genotype were shown to be more susceptible to moderate-severe allergic rhinitis and had an increased plasma BDNF protein level \[[@pone.0211241.ref048]\]. Thirdly, the difference in the BDNF level might be due to epigenetic factors rather than due to genetic factors alone. Considering the aforementioned background, the assessment of the white blood cells of patients with MDD to measure the gene expression of 11 acetone deacetylase showed that in MDD, a significant increase in the expression of histone deacetylase 2 and 5 was observed in the depressed cases as compared to the healthy controls (HDAC2 *p*\< 0.001and HDAC5 *p* = 0.001) \[[@pone.0211241.ref049]\]. Also, a study by Chagnon et al., 2015 on 19 women with MDD and anxiety disorder and 24 healthy controls revealed a higher DNA methylation in the BDNF gene among MDD/anxiety subjects as compared to healthy controls (mean ± SD: 2.92 ± 0.74 vs. 2.34 ± 0.42; *p* = 0.0026) \[[@pone.0211241.ref050]\], and finally, the change in the BDNF level was due to the effect of other environmental factors such as nutritional status \[[@pone.0211241.ref051]--[@pone.0211241.ref053]\], presence of co-morbidity such as diabetes mellitus \[[@pone.0211241.ref054]\], or due to the level of physical activity \[[@pone.0211241.ref055],[@pone.0211241.ref056]\]. In addition, the disease severity and pharmacotherapy interventions may have affected the BDNF levels in the subjects as the BDNF level was shown to be affected by the administration of antidepressants and the given dose \[[@pone.0211241.ref057]\].

Conclusion {#sec022}
==========

The current study is the first to screen for *BDNF* rs6265 in the Malaysian population and associate it to the risk of development of MDD. Findings from this study indicate that having *BDNF* rs6265 increase the odds of developing MDD in the Malaysian population approximately by 2.05-fold. Hence, these findings strengthen the role of BDNF in the development of major depressive disorder in the Malaysian population and therefore serve a potential biomarker for early MDD screening in the future. Furthermore, a significant decrease in plasma BDNF levels was seen in the cases as compared to controls but not among the three genotypes. This implies a need for future studies to look at other single nucleotide polymorphisms in the *BDNF* gene and study their role and susceptibility to MDD both at the individual and at the haplotype level. In addition, further investigation of the cause and effect of reduction in the BDNF level is of equal importance.
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